In this paper, we report the docking analysis and performance of catechin and its derivatives in inhibiting the FTO (Fat mass and obesity-associated) protein for controlling the obesity problem. The results show that Arg-52 and Tyr-39 residues play role in hydrogen binding, while Trp-42, Pro-47, and Ile-50 play role in hydrophobic interactions between ligands and the FTO enzyme. All catechin and its derivatives, except epicatechin, show a promising potential as FTO inhibitor as shown by their binding affinity (ΔG) values which are lower than the binding affinity of the patented drug, orlistat (−6.2 kCal/mol). The gallocatechin compound was found to be the best FTO inhibitor with the binding affinity of ΔG = −7.70 kCal/mol and the binding site similarity to orlistat of 63.6%.
INTRODUCTION
Green tea has been known for many centuries to have numerous benefits to human's health due to its high level of flavonoid compounds. Those compounds, catechin and its derivatives (epicatechin, gallocatechin, and epigallocatechin) have been proven to have anti-diabetic, antioxidant, anti-obesity, antibacterial, anti-inflammation, anti-viral, and anti-cancer potential (Cabrera et al., 2006; Lee et al., 2014; Reygaert et al., 2014; Kumar et al., 2015; Balachandran et al., 2015; Cui et al., 2015; Mohammed et al., 2015) . The healing mechanism of catechin and its derivatives on various health's problems has become one of the most active research nowadays, including the molecular interaction standpoint.
Obesity recently becomes a global health problem with the alarming number of prevalences. The obesity itself is not defined as a disease but rather as a disease process which can end up in various health problems (Lobstein et al., 2017) . The obesity is indicated at people with the body mass index bigger then 30 (Whitlock et al., 2009) . There are many biochemistry pathways and mechanisms which could lead to a metabolic syndrome problem such as obesity, one of them is through the inhibition of the FTO (Fat mass and Obesity-Associated) protein (Gerken et al., 2007) . The FTO protein plays an important role in regulating the fat accumulation in the body, so the excessive expression of this protein might lead to the increase of the metabolism for fat and obesity (Sudeep and Shyam, 2014) . Another mechanism to decelerate the progression of obesity including the stimulation of hepatic lipid metabolism by long-term consumption of catechin compounds from the green tea's extract (Murase et al., 2002) .
There have been numerous molecular docking studies between FTO protein with flavonoids such as quercetin, apigenin, naringenin (Zhang et al., 2017) , taiwaniaquinoids (Ren et al., 2016) , and flavonols (Wang et al., 2017) . All those ligands are about the same size of catechins (quercetin of 302.238 g/mol, letrozole of 285.31 g/mol, apigenin of 270.24 g/mol, naringenin of 272.256 g/mol, and taiwaniaquinoids of 302.414 g/mol), but to the best of authors' knowledge there is no specific docking study of catechins on FTO target to treat the obesity problem. This paper is aimed to explore the potential of catechin and its derivatives as FTO inhibitor to treat the obesity problem via a docking method. The docking simulations were performed between catechin (and its derivatives) ligands and FTO protein as the target. The patented obesity drugs, orlistat (Drew et al., 2007) , were used as a control ligand. By comparing the inhibition profiles of catechin and its derivatives with the control ligand, we will investigate the molecular mechanism of catechins binding with FTO protein and determine whether catechins have a potential to replace orlistat in inhibiting FTO as an anti-obesity agent. 
MATERIAL AND METHODS
The three-dimensional structure of FTO protein (PDB code 3LFM) was downloaded from www.rcsb.org (Han et al., 2010) . The receptor's structure data were downloaded and opened using Discovery studio 3.5 Client program to remove the natural ligand that still attached to it. Before the docking process, the nonpolar hydrogen atoms were added, followed by Gasteiger charges calculation using Autodock tools (ADT) 1.5.6. (Morris et al., 2009) . The protein file then saved in PDBQT format and ready to be used for docking.
There are five ligands prepared for docking simulation, four catechin and its derivatives (as test ligands) and one patented drugs, orlistat, as a control ligand. The three-dimensional structure of ligands was downloaded from PubChem database (Figure 1 ), opened and saved in PDB format using Marvin View 6.0 software. The polar hydrogen atoms were added and Gasteiger charges were assigned using Discovery Studio 3.5 Client program. All ligands have to be saved in PDBQT format.
The docking simulations of ligands and target protein were performed using AutoDockVina (Trott and Olson, 2010) program. Targeted docking method was used in this research with the coordinate of origin was set at x = 20.062, y = −8.993 and z = −28.47. This set of numbers was based on the location of orlistat binding with FTO. The box size was set at x = 40, y = 40 and z = 40. The number of modes in the docking simulations was set to 20 to get accurate results.
The docking analysis was conducted based on the value of binding affinities and the binding site similarity (BSS) between ligands and control ligand. Two types of interaction that analyzed in this research are, hydrogen bond and hydrophobic interaction. Interaction occurred between amino acids of the target and functional groups of the ligand. The binding site similarity analysis between test ligands and the standard ligand, orlistat were performed using LigPlot 1.4.5 program (Laskowski and Swindells, 2011) .
RESULT AND DISCUSSION
Before conducting the docking simulation, it is important to check the likeliness of the compounds as a drug by using the Lipinski's criteria (Lipinski et al., 2000) . Based on the Lipinski rules, the molecular weight of the promising drug compounds must less than 500 g/mol, the maximum number of donor atom is 5, and the maximum number of acceptor atom is 10, the value of log P must be below 5. It was found that catechin and its derivatives mostly fulfilled those requirements and can be further evaluated using docking method (Table 1) .
The docking simulation results are shown in Table 2 . Orlistat as the standard ligand has been successfully docked on FTO protein with the binding affinity score of ΔG = −6.20 kCal/ mol as seen in Figure 2 . The binding sites of orlistat on FTO target includes two residues involved in the hydrogen bond and nine residues involved in the hydrophobic interactions. The strongest binding occurred between the COO − functional group of Glu-156 in the FTO target and the OH5 functional group of orlistat with the bond length of 2.84 Å. Another hydrogen bond, but not as strong as the previous one was formed between the NH2 functional group of Arg-52 and the CO4 functional group of orlistat. 
Fig. 2:
The binding affinity of catechin and its derivatives on FTO protein as compared to the patented drug for obesity, orlistat.
Fig. 3:
The binding sites similarity of catechin and epicatechin on FTO protein target as compared to orlistat's, the patented drug. The detailed name of amino acids involved in the interactions is given in Table 2 .
The binding of Catechin to FTO consist of one hydrogen bond between the COO − functional group of Tyr-39 with the OH6 functional group of catechin with the bond length of 3.00 Å (Figure 3) . The binding affinity score of catechin to FTO protein is ΔG = −6.80 kCal/mol.
There are four out of nine hydrophobic interactions of orlistat, which are identical to catechin's and assure that some parts of catechin reside in the same pocket as orlistat's as shown by the binding site similarity scores of 45.4% (Table 2) .
Different results of binding were found in the binding of epicatechin which resides in the different pocket as orlistat ( Figure  3) , even though it has better binding affinity than orlistat (ΔG = −6.90 kCal/mol). This stronger binding of epicatechin as compared to orlistat came from the strong hydrogen bond (bond length of 2.82 Å) between functional group OH3 with NH2 functional group of Ser-240 residue. Although, epicatechin in this simulation has no binding site similarity with orlistat and other catechin derivatives, three residues which involved in hydrophobic interactions (His-232, Asp-233, Gln-234) were found in two hydrogen bonds (Asp-233, Gln-234) and one hydrophobic interaction (His-232) between letrozole drug (PubChem CID 3902) and FTO (Mohammed et al., 2015) . This indicates that epicatechin might act as an aromatase inhibitor as letrozole does in FTO. 
Fig. 4:
The binding sites similarity of gallocatechin and epigallocatechin on FTO protein target as compared to orlistat's, the patented drug. The detailed name of amino acids involved in the interactions is given in Table 2 .
The binding of gallocatechin to FTO target was characterized by the occurrence of four hydrogen bonds which make a stronger binding affinity (ΔG = −7.70 kCal/mol) than orlistat (Figure 4 ). Three out of four hydrogen bonds involves Arg-52 and Tyr-39, which also present in orlistat's binding site. Four hydrophobic interactions of gallocatechin also occurred within the same pocket as orlistat and catechin . The binding site similarity score of gallocatechin is 63.6% (Table 2 ). Other research on catechin binding (Cui et al., 2015) has also signified the role of Trp and Gln amino acids in forming the hydrophobic interaction with catechin's functional groups.
The last compound evaluated is epigallocatechin, where three hydrogen bonds formed consist of interaction between functional group OH4 of epigallocatechin and a COO − group from Tyr-39, and functional group OH7 and NH2 group of Arg-52 (Figure 4) . The binding affinity of this compound to FTO protein was ΔG = −7.20 kCal/mol, which mostly came from three hydrogen bonds as explained above. The absence of hydrophobic interaction with Gln-43 and hydrogen bond of the hydroxyl group with Leu-51 weaken the epigallocatechin's binding to FTO protein as compared to gallocatechin's. The binding site similarity score of epigallocatechin as compared to orlistat's is 45.4% (Table 2 ) and mostly came from the hydrophobic sites.
From the analysis above, the hydrophobic interactions of Trp-42, Pro-47, Ile-50 is found to be continuously present in the orlistat, catechin, gallocatechin, and epigallocatechin binding mode. This found indicates that those three amino acids in FTO protein provide a stable pocket for the compounds to reside and inhibit the FTO protein. Two residues in FTO protein, Tyr-39, and Arg-52 also play role in locking the functional groups of the compounds (orlistat, catechin, gallocatechin, and epigallocatechin) to be in the vicinity of the targeting pocket via hydrogen bonding. This finding is in accord with the docking study of three flavonoids (quercetin, apigenin, and naringenin) with FTO protein (Zhang et al., 2017) which revealed the importance of not just hydrophobic interaction but also hydrogen bonding of some ionic and polar residues of FTO. We have also found that epicatechin in our simulation was docked in the completely different pocket as compared to other compounds. The nine hydrophobic interactions of epicatechin indicate that this compound might deeply-trapped in the different pocket as compared to other catechins due to the interaction of its OH3 functional group.
CONCLUSION
Molecular docking simulation of catechin and its derivatives on FTO protein has been performed to explore the potential of those compounds in inhibiting the target. Catechin and its derivatives, except epicatechin, have exhibited a stronger binding with FTO protein as compared to the patented drug, orlistat. Gallocatechin has shown the best potential to be developed into anti-obesity drugs followed by epigallocatechin and catechin. Except for epicatechin, all ligands, in general, docked on the same pocket as orlistat's which indicates that catechin and its derivatives followed the same biochemistry pathway in inhibiting the FTO protein. This study has also revealed that two residues of FTO involved in hydrogen bond (Tyr-39 and Arg-52), and three residues involved in the hydrophobic interaction (Trp-42, Pro-47, Ile-50) were crucial in the molecular interaction between catechins and FTO protein.
